A model to estimate damage caused by gray leaf spot of corn (Cercospora zea-maydis) was developed from experimental field data gathered during the summer seasons of 2000/01 and during the second crop season [Januaryseedtime] of 2001, in the southwest of Goiás state. Three corn hybrids were grown over two seasons and on two sites, resulting in 12 experimental plots. A disease intensity gradient (lesions per leaf) was generated through application, three times over the season, of five different doses of the fungicide propiconazol. From tasseling onward, disease intensity on the ear leaf (El), and El -1, El -2, El + 1, and El + 2, was evaluated weekly. A manual harvest at the physiological ripening stage was followed by grain drying and cleaning. Finally, grain yield in kg.ha -1 was estimated. Regression analysis, performed between grain yield and all combinations of the number of lesions on each leaf type, generated thirty linear equations representing the damage function. To estimate losses caused by different disease intensities at different corn growth stages, these models should first be validated. Damage coefficients may be used in determining the economic damage threshold.
INTRODUCTION
Covering an area of 1.4 × 10 7 ha, with a mean yield of 3.0 tha -1 and national production of 40 million tons in 2001, corn (Zea mays L.) is one of Brazil's most important crops (Brandalize, 2001) . Several diseases threaten corn production in Brazil, particularly those related to seed germination, seedling emergence, root rots, stem rots, ear rots, rusts, smuts, along with leaf blights and spots (Reis et al., 2004) . Of the latter, the principal ones reported in Viégas and Krug in 1934 (Viégas, 1945) , the latter has rarely been recorded since, and did not reach epidemic proportions at the time. However, in the southwestern regions of Goiás state, a devastating reemergence of GLS occurred, destroying the entire healthy leaf area of the second corn crop in 2000 and, in a short period of time, killing the plants altogether. A similar epidemic resurgence of GLS in the United States was attributed to monoculture and no-till crop management practices (Laterell & Rossi, 1983; Ward et al., 1999; Fancelli, 2001) . The resurgence of GLS in southwestern Goiás state occurred after more than five seasons of such crop management practices, and was estimated to have affected roughly 35,000 ha of susceptible cultivars. Untreated fields, and those having received an emergency fungicide application, yielded about 3.2 t ha -1 and 5.35 t ha -1 , respectively (J.A.P. dos Santos personal communication). Yield losses occurred because foliar diseases remove the photosynthetic leaf area, reducing both the net amount of radiation intercepted and the translocation of photosynthates to the developing ear (Johnson, 1987) . Losses in the affected region represented about US$ 8,000,000.
In the case of plant disease epidemics, damage quantification should be a first priority; however, few reliable studies have quantified the effects of disease on corn grain yield. A number of models have been used to estimate damage caused by plant diseases. The critical-point type model is particularly useful when one can identify a specific plant growth stage at which disease intensity is closely correlated with the future damage (Bergamin Filho & Amorim, 1996) . Thus, in practice, a simple model may be applied to estimate the damage caused to the host by a specific disease in function of the host's phenologic stage and disease intensity.
In this study, we sought to quantify the deleterious effects of GLS infestation on corn yield, by generating equations which, when implemented in a critical-point yield model, would allow a prediction of impending damage as a function of different disease intensities at different host growth stages for three corn cultivars. The model-generated damage coefficient could also be used to determine the economic damage threshold. For damage quantification it was necessary to generate a GLS infection intensity gradient. This was accomplished through the application of propiconazol
MATERIALS AND METHODS

Experiments
at different dosages (0, 100, 200, 300, 400, or 800 mL.ha -1 ) combined with different numbers of applications (1, 2, or 3), in a randomized complete block design, resulting in 18 thricereplicated treatments (54 individual plots) per hybrid × season (Sah & MacKenzie, 1987) . Individual experimental units were composed of four 5.0 m-long rows spaced 0.8 m apart with the two lateral rows as borders. Spraying was done with a knapsack atomizer with CO 2 -generated pressure, a 2.0 m-wide boom, and a volume delivered of 200 L.ha -1
At different corn growth stages (tasseling, grain filling, and grain dough), the number of GLS lesions was counted on five leaves of five randomly chosen plants per plot. The five 'reference' leaves included the ear leaf (El), and the two immediately below and above it (El -1; El -2; El + 1 and El + 2, respectively).
At physiological maturity ears from plants of the central two rows were harvested manually, shucked, the cobs immediately dried, threshed, the grain cleaned, and kernels weighed. Grain yield was expressed in kg.ha -1 . Regression analyses were performed between grain yield as dependent variable and GLS intensity as independent variable for cultivars, sites and growth stages. Equations were expressed on the basis of grain yield (Y) normalized to 1,000 kg.ha -1 in the form Y = 1000 -a(NL). Where a is the damage coefficient (kg.leaf.ha (Table 2 ), but only from 0.40 to 0.68 for 'Exceller', with relationships for its El + 1 and El + 2 leaves barely significant (0.04 < p ≤ 0.05), and those for El, El -1, and El -2 nonsignificant (p > 0.05) ( Table 2) . This indicates that, in general, grain yield correlated well with the number of lesions per leaf.
The damage coefficient, a, representing by how many kilograms one foliar lesion reduces normalized grain yield, varied in function of the leaf position and phenologic stages of the corn crop at sampling: at the tasseling stage, 3.65 < a < 4.77 (mean across leaves = 4.49), at early grain filling 12.66 < a < 26.80 (mean across leaves = 15.33); and at the dough stage 1.39 < a < 2.12 (mean across leaves = 1.74) ( Table 1) .
Based on these relationships, for a farm with an estimated yield of 10,000 kg.ha -1 , growing a cultivar with a GLS susceptibility similar to that of 'Avant,' each (mean of five reference leaves) lesion occurring at the early grain filling stage would have a damage potential of 153.3 kg.ha -1 . Nevertheless, one needs to know a farm's yield potential to convert from the 1,000 kg normalized yield to the actual yield of the field for which one wishes to determine the damage.
At the dough stage, the 5-leaf-mean a values were 1.13, 0.81 and 0.79 for cultivars 'Avant,' 'Exceller,' and 'Fort,' respectively (Table 2 ), values much lower than those obtained in the normal season experiments. So far, we do not have a clear explanation for such differences; however, one should keep in mind that yield potential in the experiment carried out over the normal season was 9,852 kg.ha -1 and over the second season 5,910 kg.ha -1
. As the values were normalized to 1,000 kg.ha -1 , differences in a values cannot be related to the cultivar's potential yield.
The a values may be used to calculate the economic damage threshold (EDT), using Munford & Norton's (1986) equation. The EDT may be useful in making decisions about whether to use chemical control for GLS with above-ground-applied fungicides. An example of such an EDT calculation may be found in a study by Reis & Casa (2004) .
The relationship between GLS severity and yield has been quantified by Nutter & Jenco (1992) . Disease severity, assessed on the middle third of the plant (leaves 6 to 10) at growth stage 7.0 (late dough stage), explained up to 90% of the variation in yield. For each 1% increase in disease severity at growth stage 7.0, yield was reduced by 47.6 kg.ha -1 in a susceptible maize hybrid and by 35.7 kg.ha -1 in a moderately tolerant hybrid. Our data cannot be directly compared with Nutter & Jenco's, since we have no information correlating severity with number of lesions/leaf. The pathometric method -(*) El = ear leaf; El + 2 = second leaf above El; El + 1 = first leaf above El; El -1 = first leaf below El ; and El -2 = second leaf below El.
employed, number of lesions per leaf, demands more time in disease quantification than does simple severity, but it is more objective than the latter as used by Nutter & Jenco (1992) . The methodology used in the present work may be followed to obtain the damage function for other corn leaf blights, such as Southern corn blight and Northern corn blight, diplodia leaf blight, phaeosphaeria and for corn rusts.
Averaged across five reference leaves 'Avant,' 'Fort,' and 'Exceller' had, respectively, 110.2, 75.2 and 72.0 GLSinduced foliar lesions per leaf (Table 3) . These values may reflect cultivar susceptibility to GLS and may suggest that the resistance/tolerance character is related to host penetration mechanism. The greatest lesion number was counted on the older, lower leaves (El -2: 109.3 lesions/leaf) and decreased progressively toward the upper leaves (El -1 -96.5, El -88,9, GLS clearly has the potential to cause great damage to the corn crop. The assessment criterion of number of lesions per leaf, in being quantitative rather than subjective, is more reliable than severity in estimating damage. The equations relating lesions per leaf to grain yield can be used to estimate the damage caused by GLS in cultivars with a similar susceptibility/ resistance to those tested in the present work.
